The prevalence of diabetes mellitus (DM) has risen rapidly in the past few years [1] . DM is a main cause of morbidity and mortality worldwide [2] . It is considering a metabolic disorder characterized by hyperglycemia, which caused by the deficiency in insulin secretion within type 1 diabetes (T1DM), and it is the main a feature of uncontrolled type 2 diabetes (T2DM) along with insulin resistance. Many complications accompanied uncontrolled diabetes include vasculopathy, cardiomyopathy, nephropathy, neuropathy and retinopathy.
stage renal disease [3] . DN development process is associated with inflammation, renal hypertrophy, and fibrosis [1] . DM stimulates significant change in renal architecture, such as severe reduction of glomerular tufts and increasing of Bowman's spaces. Although a number of factors have been implicated in the pathogenesis of DN include oxidative stress [4] .
Chronic hyperglycemia activates production of reactive oxygen species (ROS) through multiple pathways, which collectively contribute to the pathogenesis of DN [5] . The effect of ROS includes damage of cell membrane; inactivate endogenous antioxidants, lipid and carbohydrate. Thus, prevention of oxidative stress is the key factor for treatment of DN.
Streptozotocin (STZ) is well known for its selective beta cell cytotoxicity, which induces DM in rats [6] . The animal model of high-fat diet (HFD) which combined with low dose STZ induced diabetes manifests many characteristics of human type 2 diabetes, such as hyperglycemia, hyperlipemia and lack of insulin secretion [1] .
Echinochrome (Ech) is pigment extracted from sea urchins which have antioxidant and hypoglycemic activities [7] . The aim of the study is to evaluate the ability of Ech to suppress the progression of diabetic complication in kidney
Materials and methods

Chemicals and reagents
Streptozotocin (STZ), sodium pentobarbital and dimethyl sulfoxide (DMSO) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Biochemical kits were purchased from the Biodiagnistic Company (El Moror St, Dokki, EGY).
Sea urchin collection
Sea urchins (Paracentrotus lividus) were collected from the Mediterranean coast of Alexandria (Egypt) and transported to the laboratory packed in ice. The samples were thoroughly washed with sea water to remove sand and overgrowing organisms at the collection site and transported to the laboratory. The collected specimens were immediately shade dried.
Echinochrome (Ech) extraction
Pigments in the shells and spines were isolated by the Amarowicz method with slight modifications [8] . After removal of the internal organs, the shells and spines were washed with a stream of cold water, air-dried at 4°C for 2 days in the dark and then were grounded. The powders (5 g) were dissolved by gradually adding 10 ml of 6 M HCl. The pigments in the solution were extracted 3 times with the same volume of diethyl ether. The ether layer collected was washed with 5% NaCl until the acid was almost removed. The ether solution including the pigments was dried over anhydrous sodium sulfate and the solvent was evaporated under reduced pressure. The extract including the polyhydroxylated naphthoquinone pigment was stored at -30°C in the dark.
Experimental animals
Male albino Wistar rats (Rattus norvegicus) weighing 140 ± 10 gm for T1DM and 80 ± 10 gm for T2DM were used in this study. The rats were obtained from the National Research Center (NRC, Dokki, Giza). Rats were housed in a temperature and humidity controlled environment and given food and water ad libitum.
Ethical consideration and field study
Experimental protocols and procedures used in this study were approved by the Cairo University, Faculty of Science, Institutional Animal Care and Use Committee (IACUC) (Egypt) (CUFS/F/33/14). All the experimental procedures were carried out in accordance with international guidelines for the care and use of laboratory animals.
Induction of type 1 diabetes mellitus (T1DM)
All rats were starved for 12 hrs before the experiment, but were allowed free access to water. T1DM was induced by intraperitoneal injection of 60 mg/kg of STZ dissolved in 0.1mol/l sodium citrate buffer at pH 4.5. Blood glucose levels were measured 72 hr after injection of STZ. Rats were starved, but had access to drinking water for 6 hr before blood glucose measurement. Fasting plasma glucose concentrations ≥ 300 mg/100ml were considered diabetic type 1 in this experiment.
Induction of type 2 diabetes mellitus (T2DM)
The rats were fed a high fat diet (HFD) with energy of 5.3 kcal/g, comprising 60% calories from fat, 35% from protein and 5% from carbohydrate. After 4 weeks the rats injected intraperitoneally by a single dose of prepared solution of STZ (30 mg/kg dissolved in 0.1mol/l sodium citrate buffer at pH 4.5). After 72 hours, fasting plasma glucose concentrations ≥ 300 mg/100 ml were considered diabetic type 2 in this experiment.
Experimental design
After one week of acclimatization, 36 rats were assigned into two main groups; T1DM group (18 rats) and T2DM group (18 rats).
T1DM rats group divided into 3 subgroups (6 rats/ subgroup):
Control subgroup: After a single dose of citrate buffer (0.1mol/l, i.p), the rats received 1ml (10% DMSO, orally) daily for 4 weeks.
Diabetic subgroup: After a single dose of STZ (60 mg/kg, i.p), the rats received 1ml (10% DMSO, orally) daily for 4 weeks.
Ech subgroup: After a single dose of STZ (60 mg/kg, i.p), the rats received 1ml Ech (1mg/kg body weight in 10% DMSO, orally) [9] daily for 4 weeks.
T2DM group divided also into 3 subgroups (6 rats/ subgroup):
Control subgroup: After 4 weeks of normal diets feeding, the rats injected with single dose of citrate buffer (0.1mol/l, i.p) then received 1ml of (10% DMSO, orally) daily for 4 weeks.
Diabetic subgroup: After 4 weeks of HFD feeding, the rats injected with single dose of STZ (30 mg/kg, i.p) then received 1ml of (10% DMSO, orally) daily for 4 weeks.
Ech subgroup: After 4 weeks of HFD feeding, the rats injected with single dose of STZ (30 mg/kg, i.p) then received 1ml Ech (1mg/kg in 10% DMSO, orally) daily for 4 weeks.
Animal handling and specimen collection
After the end of all experiments, the rats were fully anesthetized with 3% sodium pentobarbital, and the chest was opened. A needle was inserted through the diaphragm and into the heart. Negative pressure was gently applied once the heart had been punctured, and the needle was repositioned as required until blood flowed into the syringe. The blood collected from the rats was separated by centrifugation (3000 rpm, 15 min) to obtain sera which were stored at -80°C for the biochemical measurements. The 24 hr (before killing) urine was collected while rats were housed in metabolism cages.
Kidney was removed and immediately blotted using filter paper to remove traces of blood. Then it suspended in 10% formal saline for fixation preparatory to histopathological examination.
Histopathological investigation
The fixed kidney was washed, dehydrated, and embedded in paraffin wax. They were sectioned at a thickness of 4-5 μm and stained with hematoxylin and eosin (H&E) as routine procedures for histopathological examination.
Biochemical analyses:
The serum glucose was estimated by the method of Freund et al [10] , serum and urine creatinine was estimated by the method of Schirmeister [11] urea [12] and uric acid [13] according to the manufacturer's instructions using Biodiagnostic kits (Giza, Egypt).
MDA level is an index of lipid peroxidation and it was estimated by Ohkawa [14] , glutathione reduced (GSH) [15] , nitric oxide (NO) [16] , glutathione-S-transferase (GST) [17] , superoxide dismutase (SOD) [18] and catalase [19] were determined in the kidney homogenate supernatant according to the manufactures instructions using Bio-diagnostic kits (Giza, Egypt).
Statistical analysis
Values were expressed as means ±SE. The comparisons within groups were evaluated utilizing one way analysis of variance (ANOVA) with Duncan post hoc test was used to compare the group means and p < 0.05 was considered statistically significant. SPSS, for Windows (version 20) was used for the statistical analysis.
Results
According to the data represented in table (1), the serum glucose concentration increased significantly (P<0.05) in diabetic rats, as compared to corresponding control groups. While, a significant decrease (P<0.05) was recorded in serum glucose concentration of Ech treated rats, as compared to corresponding diabetic groups ( Table 1) .
The represented data in table (2) showed significant increase (P <0.05) in urine volume, creatinine, urea and uric acid concentrations within the diabetic rats as compared to the corresponding control groups. After 4 weeks of Ech treatment a significant decrease (P<0.05) in urine volume, creatinine, urea and uric acid concentrations was observed as compared to the corresponding diabetic groups ( Table 2) . Table ( 3) revealed that T1DM and T2DM rats showed a significant increase (P < 0.05) in serum creatinine, urea and uric acid concentrations as compared to the corresponding control groups. However creatinine clearance showed a significant decrease (P <0.05) in both types.
On the other hand, Ech-treated groups showed a significant decrease (P < 0.05) in serum creatinine, urea and uric acid concentrations as compared to the corresponding diabetic groups. While creatinine clearance showed significant increase (P <0.05) in both types of the treated groups ( Table 3) .
The represented data in table (4) showed general decreases in GST, SOD, CAT activates and concentrations of GSH and NO in both types of diabetic rats as compared to the corresponding control groups. However MDA concentration was increased significantly (P <0.05). After 4 weeks of Ech treatment there is general increase in GST, SOD, CAT activates and concentrations of GSH and NO rats as compared to the corresponding diabetic groups. While MDA concentration decreased significantly (P <0.05).
Histopathological investigation of kidney
Microscopic examination of the control kidney sections showed normal histoarchitecture with normal glomerulus and Bowman's capsule ( Fig. 1 A,B) . On the other hand, the histopathological study of kidney of type 1 and type 2 diabetic rats showed severe degeneration in glomerulus with deformed renal tissue architecture ( Fig. 1 C,D) . Whereas the Table 3   Table 5   Table 4 Note: Values are given as mean±SE for 6 rats in each group. Each value not sharing a common letter superscript is significantly different (P<0.05).
Note: the morphometric study was performed in 3 μm thick renal sections stained with hematoxylin and eosin. Fifty glomeruli were analyzed per rat.
treatment with Ech caused marked regeneration in glomerulus and Bowman's capsule with normal renal tissue architecture ( Fig. 1 E,F) . The morphometric data represented that, renal corpuscle, glomerulus and tubular areas of the diabetic rats were increased significantly as compared to control rats (Table 5 ). Also, abundant mesangial cells were present in the glomerulus of diabetic rats. On the other hand, Ech-treated groups showed reduction in renal corpuscle, glomerulus and tubular areas as long as mesangial cells number as compared to diabetic rats ( Table 5 ).
Discussion
Diabetes mellitus (DM) is characterized by absolute or relative deficiencies in insulin secretion, insulin action or both. Diabetic nephropathy (DN) model was established by the significant increase in serum and urine urea, uric acid and creatinine in addition to the significant decrease in creatinine clearance in type 1 diabetes (T1DM) and type 2 diabetes (T2DM) groups. The biochemical changes were confirmed with a histopathological investigation, which detected a marked damage in renal structure showing congestion and severe degeneration in tubular and glomerulus. The most common features of vascular lesions in diabetic mellitus are renal glomerular degeneration along with tubular and interstitial abnormalities [20] . Distal and Proximal tubule areas were found to be significantly higher in the diabetic rats which may indicate proliferation and hypertrophy in the glomerular and tubular regions. The hyperglycemia condition induce proliferation or hypertrophy in renal structures especially in the glomerular mesangium [21] .In addition the high glucose level lead to increase number of glomerular mesangial cells and interstitial alterations [22] .Increased the areas renal corpuscle and glomerulus may due to fill the urinary space by glomerular capillaries causing sever reduction in the capsular space [23] .
The current investigation revealed that, induction of diabetes resulted in elevation of serum and urine creatinine concentration whereas creatinine clearance decreased. High levels of creatinine indicate several disturbances in kidney [24] . In addition, this increase in serum creatinine may be due to the hepatic damage, which evolved into a stage with features of hepatorenal syndrome [25] . Furthermore, decrease creatinine clearance reflecting kidney function impairment in diabetic patient.
The most frequently determined clinical indices for estimating renal function depends upon concentration of urea in the serum. The current investigation revealed that, induction of diabetes resulted in elevation of serum and urine urea concentration. The pathogenesis of diabetic nephropathy are related to chronic hyperglycemia and hemodynamic alterations in renal microcirculation and structural changes in glomerulus as evidenced by the significant elevation in urea level [26] .
Negative nitrogen balance is manifested in diabetic rats associated with enhanced proteolysis in muscle and other tissues. Impaired balance of nitrogen coupled with lowered protein synthesis leads to increased concentrations of urea indicates progressive renal damage in diabetic rats [27] .
Hyperuricemia is a common finding in patients with metabolic syndrome or its components, such as central obesity and hypertriglyceridemia [28] . Also, increase serum uric acid levels were associated with elevated levels of serum markers of hepatic necroinflammation (ALAT and GGT) and it might be a risk factor for the incidence of chronic liver disease level [29] . In addition, an increase in uric acid could relate to oxidative damage [30] .
Oxidative stress plays an important role in the development and progression of DN [31] . Excessive oxidative stress in the vascular and cellular tissue can lead to dysfunction of endothelial cell [3] . Thus, DM is more susceptible to kidney injuries and reduction of kidney function. In the present study the oxidative stress condition was established in the diabetic groups by the increase production of malondialdehyde (MDA) and the deficiency in the anti-oxidant system includes glutathione reduced (GSH), glutathione-S-transferase (GST), superoxide dismutase (SOD) and catalase (CAT). Hyperglycemia causes the production of reactive oxygen species (ROS), leads to 
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Экспериментальная диабетология Experimental diabetology reduction-oxidation imbalance, which resulting in oxidative stress condition [5] . Oral administration of Ech caused significant decrease in kidney MDA levels and significant increase in the antioxidant system of the diabetic rats. Nitric oxide (NO) plays numerous physiological functions in the kidney, including control of renal and glomerular hemodynamics [32] . NO concentration decreased significantly in both diabetic groups. This decrease contributes in the chronic kidney disease [32] . Many experimental and clinical evidences mention that, renal nitric oxide synthase (NOS) expression and activity are increased at early diabetes; however, they are decreased at prolonged diabetes leading to vascular NO deficiency, which may induce the progression of DN [33] .
On the other hand, NO concentration increased in Ech-treated groups. This increase related to the increase in insulin concentration, where many studies have indicated that insulin activates NOS by protein kinase B (PKB)-mediated phosphorylation in endothelial cells [34] .
Conclusion
Administration of echinochrome improves renal function and ameliorates renal histopathological changes possibly by improvement of glucose metabolism and inhibition of lipid peroxidation process.
